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Effective use of coping strategies by people with chronic pain conditions is associated with
better functioning and adjustment to chronic disease. Although the effects of coping on
pain have been well studied, less is known about how specific coping strategies relate to
actual physical activity patterns in daily life. The purpose of this study was to evaluate how
different coping strategies relate to symptoms and physical activity patterns in a sample
of adults with knee and hip osteoarthritis (OA; N =44). Physical activity was assessed by
wrist-worn accelerometry; coping strategy use was assessed by the Chronic Pain Coping
Inventory. We hypothesized that the use of coping strategies that reflect approach behav-
iors (e.g., Task Persistence), would be associated with higher average levels of physical
activity, whereas avoidance coping behaviors (e.g., Resting, Asking for Assistance, Guard-
ing) and Pacing would be associated with lower average levels of physical activity. We
also evaluated whether coping strategies moderated the association between momentary
symptoms (pain and fatigue) and activity. We hypothesized that higher levels of approach
coping would be associated with a weaker association between symptoms and activity
compared to lower levels of this type of coping. Multilevel modeling was used to analyze
the momentary association between coping and physical activity. We found that higher
body mass index, fatigue, and the use of Guarding were significantly related to lower activ-
ity levels, whereas Asking for Assistance was significantly related to higher activity levels.
Only Resting moderated the association between pain and activity. Guarding, Resting,
Task Persistence, and Pacing moderated the association between fatigue and activity. This
study provides an initial understanding of how people with OA cope with symptoms as
they engage in daily life activities using ecological momentary assessment and objective
physical activity measurement.
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INTRODUCTION
Osteoarthritis (OA) is a chronic condition that affects 27 million
people in the United States and is a leading cause of disability in
adults. For people with knee and hip OA, the experience of symp-
toms can greatly impair quality of life. Pain is the main reason
people seek treatment. Pain in OA affects the ability to engage
in activities of daily living, work, and other meaningful activi-
ties (Hill et al., 1999; Boutron et al., 2008; Grotle et al., 2008).
Fatigue, although not as well studied in OA, is one of the most
frequently reported OA symptoms (Wolfe et al., 1996; Power et al.,
2008), and one of the strongest predictors of functional disability
(Wolfe, 1999). While a link between symptoms of pain and fatigue
has been established with physical disability in OA, less is known
about how pain, fatigue, and psychosocial factors, such as coping
ability, influence physical activity on a day-to-day basis. A better
understanding of these interrelationships offers the potential for
insight into more effective ways to manage OA.
According to Lazarus and Folkman (1984), people develop
methods of coping in response to stressors such as pain and fatigue.
Coping strategies may be cognitive (such as an attribute or belief
to assign meaning to a stressful situation) or behavioral (such as an
action-oriented response). The development of a strategy to cope
with adversity such as pain does not insure that it is adaptive. In
addition, strategies may be adaptive in the short-term but prove
to be maladaptive longer term if pain becomes chronic (Jensen,
1991; Hasenbring and Verbunt, 2010). There have been efforts to
identify and categorize specific coping behaviors into maladaptive
and adaptive types (Ersek, 2006; Tan et al., 2011; Englbrecht et al.,
2012), with different terminology to describe the categories and
often times different scales that have been developed to assess the
www.frontiersin.org September 2012 | Volume 3 | Article 326 | 1
Murphy et al. Symptoms, coping, and physical activity
proposed dimensions. One popular means of categorizing behav-
ioral coping relates to how people engage in or approach activity
in the context of their medical symptoms. According to this per-
spective, behavioral strategies that relate to activity broadly reflect
three dimensions: avoidance, persistence, and pacing.
AVOIDANCE
The fear-avoidance model (Vlaeyen and Linton, 2000) describes
how the pain experience can lead to a pathway where habitu-
ally avoiding activity promotes a cycle of disuse and disability. In
essence, catastrophizing about pain and its potential consequences,
or ruminating, feeling helpless, or exaggerating the threat of pain,
leads to pain-related fear or anxiety (Norton and Asmundson,
2003), which causes avoidance behaviors and ultimately reinforces
this negative cycle (Leeuw, 2007). Consistent with the idea that
avoidance behaviors are maladaptive coping strategies, research
examining avoidance usually associates these behaviors to disabil-
ity or other outcomes such as depressed mood or maintenance of
pain. In OA, use of rest as a coping strategy has been associated
with physical disability in cross-sectional studies (Hopman-Rock
et al., 1998; van Baar et al., 1998) as well as in longitudinal studies
(Steultjens, 2001). In addition, rest and restricting activities have
also been related to negative mood and pain at follow-up in peo-
ple with OA (Hampson et al., 1996). Another strategy considered
to be avoidant, Guarding (e.g., bracing, limping, flinching, stiff-
ening), had the strongest independent association with disability
(Tan et al., 2001) in a study of male veterans with chronic pain. In a
similar sample, Tan et al. (2011) found that Guarding and Resting
were associated with depression and higher levels of pain inter-
ference. Further, Guarding and Asking for Assistance (a behavior
considered avoidant because other people are solicited to complete
tasks) have also been associated with disability in people who have
fibromyalgia (Karsdorp and Vlaeyen, 2009).
ACTIVITY PERSISTENCE
Activity persistence in general refers to persisting in an activity,
even in the context of symptoms that may present barriers to
engaging in that activity. Persistence may be considered either
adaptive or maladaptive, depending on the degree or intensity
of activity persistence. For instance, in the avoidance-endurance
model of chronic pain, “endurance copers” are those people who
persist in activity despite severe pain. They may have high levels
of unhealthy activity and may respond to pain by being excessively
persistent instead of avoidant (Hasenbring and Verbunt, 2010).
Studies have revealed both positive and negative relationships
between persistence and disability (Jensen, 1991; Kindermans,
2011). Kindermans (2011), who performed a factor analysis using
several measures representing the persistence construct, found that
excessive persistence (such as doing too much or not respecting
one’s physical limits) was positively associated with disability on
the Pain Disability Index and with depression. In contrast, task-
contingent persistence has been found to be associated with less
disability (Jensen, 1991; Jensen et al., 1995).
PACING
Time-based activity pacing is a behavioral strategy in which peo-
ple learn to lessen the effect of symptoms on activity by breaking
up activities into smaller pieces, and alternating activity and rest
periods to maintain a steady pace (Fordyce, 1976). These behav-
iors are thought to attenuate the “overactivity-underactivity” cycle
in which excessive activity can lead to symptom flares that require
a prolonged period of rest to recover (Birkholtz et al., 2004). In
some studies, Pacing is associated with lower levels of disabil-
ity (Nielson and Jensen, 2004), but other studies found Pacing is
associated with higher levels of disability (McCracken and Samuel,
2007; Karsdorp and Vlaeyen, 2009; Kindermans, 2011). In a previ-
ous pilot study in which activity pacing behaviors and symptoms
of pain and fatigue were measured using ecological momentary
assessment (Murphy et al., 2008a), we found that people used pac-
ing more frequently as symptoms were increasing throughout a
day instead of using pacing as a pre-planned strategy as would be
taught in chronic pain management programs. From these find-
ings, we surmise that the natural use of pacing may be associated
with higher levels of disability that may reflect the need to cope
with problematic symptoms.
COPING STRATEGIES AND THEIR RELATIONSHIP TO ACTIVITY
PATTERNS
An understanding of coping strategies and how they contribute to
disability over time can influence the design of effective treatments
and help to understand how best to avoid pathways to disability.
Based on the theoretical models presented, physical activity levels
are expected to be lower for avoiders compared to non-avoiders
(Vlaeyen and Linton,2000; Hasenbring andVerbunt, 2010). People
who have higher use of task persistence may have higher activity
levels compared to those who have lower use of task persistence
(Hasenbring and Verbunt, 2010), although in some cases this task
persistence could reflect overactivity. People who use pacing may
have lower activity levels overall and this relationship was demon-
strated in one pilot study (Murphy et al., 2008a). In addition, it is
suggested that people who pace less frequently or who excessively
persist in activities may have activity patterns that are more vari-
able due to having to recover from overactive periods (Birkholtz
et al., 2004; Huijnen et al., 2009).
Current research supports the notion that specific coping
strategies can be associated with greater or diminished physi-
cal activity levels and activity patterns (Hasenbring et al., 2006;
McCracken and Samuel, 2007; Murphy et al., 2008a; Huijnen et al.,
2011). For example, people with chronic pain classified as avoiders
or as pacers had lower levels of self-reported “up-time” (the hours
spent standing or walking daily; McCracken and Samuel, 2007),
and task persisters had higher levels of up-time when measured
subjectively or objectively (McCracken and Samuel, 2007; Hui-
jnen et al., 2011). In another study, people with low back pain
6 months after disk surgery were classified into subgroups of cop-
ers (fear-avoidant, endurance, or adaptive), and their activity was
sampled over a day using a triaxial accelerometer. They found
that endurance copers (those thought to be at risk for excessively
persisting in activities) did not have a significantly different activ-
ity levels than adaptive copers, but they had a higher numbers
of static strain postures during the day (such as sitting or stand-
ing with or without forward bending; Hasenbring et al., 2006).
These findings suggest that in addition to activity levels, fluctu-
ations or variability in activity patterns may provide important
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information about how people engage in activity as they cope
with their symptoms. Huijnen et al. (2009) measured within-day
activity fluctuations by having people with chronic low back pain
categorize their activity into activity types reflecting different lev-
els of effort (e.g., exercise vigorously – sitting or lying down) and
found that increased within-day activity fluctuations were asso-
ciated with disability whereas mean activity level was not. The
relationship between coping and physical activity appears com-
plex and is further complicated by the heterogeneous samples of
people with different chronic pain conditions and the use of sev-
eral different coping scales as well as different physical activity
assessment methods. This study addressed a clear gap in this liter-
ature by examining how coping, symptoms, and physical activity
are associated in people with OA.
To develop behavioral treatments for people with OA, our
group has been investigating how momentary (i.e., within-day)
symptoms relate to physical activity patterns and have found that
while pain is related to activity, fatigue is more severe, more vari-
able, and more negatively related to objective physical activity
compared to pain (Murphy et al., 2008b). In order to examine
how coping is associated with symptoms and activity, we exam-
ined both pain-activity and fatigue-activity relationships in this
study in a sample of adults with knee or hip OA. Coping strate-
gies were assessed with the Chronic Pain Coping Inventory (CPCI;
Jensen et al., 1995) representing the areas of avoidance (Guarding,
Resting, Asking for Assistance), Task Persistence, and Activity Pac-
ing. According to the existing literature, we first hypothesized that
Task Persistence would be associated with higher average levels
of physical activity, whereas coping strategies that reflect avoid-
ance and Pacing would be associated with lower average levels of
physical activity. Second, we hypothesized that pacing would be
associated with more stable, less variable levels of activity. Third,
we hypothesized that coping strategies would moderate the asso-
ciation between pain/fatigue and activity. Specifically, we expected
that people with high levels of Task Persistence would display
weaker associations between pain/fatigue and activity compared
to people with low levels of Task Persistence.
MATERIALS AND METHODS
This is a secondary data analysis of data from a larger three-arm
randomized controlled trial (Murphy et al., 2011). The overall goal
of the trial was to examine the effectiveness of a tailored activity
pacing intervention delivered by occupational therapists for adults
with symptomatic knee or hip OA. In the trial, participants were
randomized into the tailored activity pacing intervention, general
activity pacing, or usual care. Assessments occurred at baseline,
posttest, and 6 months. Data from the baseline assessment period
were used for these analyses. Ethical approval for this study was
obtained by the University of Michigan Medical School Institu-
tional Review Board and the Subcommittee on Human Studies in
the Veteran’s Affairs Ann Arbor Healthcare System.
PARTICIPANTS AND PROCEDURES
Community-living veteran and non-veteran participants in this
study sample were recruited from the University of Michigan and
VA clinics, senior housing sites, and through public advertise-
ments. Inclusion and exclusion criteria were designed to identify a
cohort of community-living adults who were experiencing symp-
toms specifically due to their OA. Participants were included if
they were age 50 years or older, had pain for at least 3 months
duration, reported mild to moderate pain on the Western Ontario
McMaster Arthritis Index (WOMAC) pain scale (Bellamy et al.,
1988; Goggins et al., 2005), had radiographic evidence of knee or
hip OA (Kellgren–Lawrence scale of ≥2; Kellgren and Lawrence,
1957), had adequate cognitive status (evidenced by scoring ≥5
on the six item cognitive screener (Callahan et al., 2002), could
reliably operate the Actiwatch-S accelerometer used in the study,
and were English-speaking. Participants were excluded if they:
had medical conditions that could interfere with pain and fatigue
reporting or activity monitoring (e.g., multiple sclerosis, lupus,
rheumatoid arthritis, Parkinson’s disease); were diagnosed with
cancer in the last year (other than skin cancer) or were cur-
rently undergoing treatment for cancer; had medicine changes
within the previous 2 weeks, anemia or unmanaged thyroid dys-
function (from blood work result); had two or more days of
complete bed rest within last month; had limb hemiplegia or
amputation; underwent a knee arthroscopic procedure within the
previous 2 months; underwent replacement of any hip or knee
within the last 6 months; knee joint injections within the previ-
ous 3 months; current receipt of physical or occupational therapy
for OA symptoms or knee/hip problems; or currently or recently
attended (in the previous 12 months) a cognitive behavioral pro-
gram or other self-management program that included activity
pacing instruction.
To determine eligibility, study personnel first screened poten-
tial participants by phone. If eligible based on screening, potential
participants were scheduled for a clinic visit to undergo an x-
ray of their knees or hips, complete questionnaires, learn how to
operate the Actiwatch-S accelerometer, and complete physical per-
formance testing. Participants signed a written consent form at the
clinic visit and after completion of that visit, eligible participants
were mailed the Actiwatch-S accelerometer and corresponding
logbook to undergo the baseline 7 day home monitoring period.
For the home monitoring period, participants wore the Actiwatch-
S on their non-dominant wrist. The Actiwatch-S collects physical
activity data and allows for time-stamped participant-entered
responses. Participants were instructed on how to enter responses
into the accelerometer using a standardized interactive learning
module and were given the opportunity to practice rating their
symptoms using the accelerometer’s input button to record the
information. Participants also became familiar with the logbook
that accompanied the accelerometer. The logbook was used to
cross-validate the items and served as a back-up if there were
missing data from the accelerometer.
A total of 47 participants were enrolled in the study and data
from 44 were used in these analyses. One individual was elimi-
nated due to completely missing momentary data (activity, pain,
fatigue). One individual was identified as an outlier based on body
mass index (BMI; in which BMI= 55.99, nearly 16 points higher
than the next highest individual). Another individual who was
identified as an outlier was experiencing a “pain flare” with pain
ratings of 8/10 compared to “typical” 4–5/10 pain intensity dur-
ing the study and was consequently unable to finish the physical
performance testing [e.g., Timed Up and Go (TUG)].
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MEASURES
Primary measures
Coping strategies were measured at the baseline clinic visit using
the CPCI, a self-report measure of cognitive and behavioral strate-
gies for coping with pain. The CPCI has demonstrated excel-
lent test-retest reliability and internal consistency and concurrent
validity in a chronic pain sample (Jensen et al., 1995). The orig-
inal questionnaire consisted of 65 items divided into eight sub-
scales: four of which were originally considered wellness-based
coping (Task Persistence, Exercise, Relaxation, and Coping Self-
Statements), three were considered illness-based coping (Guard-
ing, Resting, Asking for Assistance), and one was neither (Seeking
Social Support). A later version included activity pacing as a sub-
scale (Nielson et al., 2001) which was included in the version used
in this study. The scores for each item range from 0 to 7 days, with
a score of 0 indicating that the participant did not use that cop-
ing strategy in the past week. For this analysis, we chose only the
subscales that could be best equated to activity patterns identified
in the cognitive behavioral models: avoidance behaviors (Guard-
ing, Resting, Activity for Assistance), Task Persistence, and Pacing.
These subscales all had adequate internal consistency in the present
sample (Cronbach’s alpha ranging from 0.72 to 0.82).
Physical activity patterns were measured using a wrist-worn
accelerometer, the Actiwatch-S [Philips Respironics, Mini-Mitter,
Bend, OR, USA] that measures changes in acceleration. Although it
is worn on the wrist, it is highly associated with whole-body move-
ment (Patterson et al., 1993; Westerterp, 1999). The Actiwatch-S
has been shown to have excellent inter-unit reliability (r = 0.98)
and preliminary criterion validity among a sample of chronic pain
patients (Gironda et al., 2007). The device records changes in accel-
eration every 15 s and these are recorded as activity counts. Higher
activity counts generally reflect participation in higher intensity
activities (Swartz et al., 2000; Murphy, 2009). Physical activity data
from the accelerometer are aggregated in different ways. Daytime
activity counts were aggregated within a day between symptom
reporting periods (which we call “momentary activity”). These
are roughly 4 h intervals between wake-up and 11:00 am; 11:00
am to 03:00 pm, 03:00 pm to 07:00 pm, and 07:00 pm to bedtime).
Activity counts were also aggregated for each day (i.e., daily activ-
ity) and over the 7 day period for each person. Because participants
wear the accelerometer continuously for 7 days, it was necessary to
establish participants’ wake-up and bed times. A previously estab-
lished algorithm was used to corroborate participant report with
the objective measures (Murphy et al., 2008b).
Momentary pain and fatigue severity were measured on 0–10
numerical rating scales that were directly input into the accelerom-
eter five times a day [at rise time in the morning, three times during
waking hours (11:00 am, 03:00 pm, 07:00 pm), and at bedtime].
The accelerometer was worn for 7 days at baseline and at the out-
come assessment periods. Pain was rated on a scale from 0= no
pain to 10= pain as bad as you can imagine. Fatigue, defined as
tiredness or weariness (Wolfe et al., 1996), was rated on a scale
from 0= no fatigue to 10= fatigue as bad as you can imagine.
Background measures and covariates
Background demographics included age, sex, marital status, eth-
nicity, race, employment status, veteran status, and educational
level. Health status variables included BMI and OA disease sever-
ity as determined from a radiologist’s scaling on the Kellgren–
Lawrence Scale using the joint x-rays (Kellgren and Lawrence,
1957).
To assess general symptoms and reported physical and men-
tal health, several scales were used. To measure symptom severity
and interference, the Brief Pain Inventory (BPI; Keller et al., 2004)
and Brief Fatigue Inventory (BFI; Mendoza et al., 1999) were used.
Depressive symptoms were measured using the Center of Epidemi-
ologic Studies Depression Scale (CES-D; Radloff, 1977). The State
Trait Personality Inventory (STPI) was used to measure anxiety
symptoms (Spielberger et al., 1970). The Short Form 12 was also
used to measure mental and physical health domains (Ware et al.,
1996). The WOMAC physical disability subscale was also used as
a measure of arthritis-related physical function (Bellamy et al.,
1988). Internal consistency on all of these scales was acceptable
ranging from 0.74 on the CES-D to 0.92 on the BFI.
Physical function was measured using two validated objective
measures. The TUG test (Podsiadlo and Richardson, 1991) mea-
sures the time (in seconds) to get up from a chair, walk 20 feet,
and return to the chair. Participants completed three trials and the
average was used in the analyses. The 6 min walk test is a walking
test in which people are asked to walk at their usual pace for 6 min
and overall distance was recorded in feet (Butland et al., 1982).
Data Analysis
Descriptive statistics for all predictor and outcome variables were
calculated and examined for distribution normality. Skew (largest
range was for TUG= 0.06–1.64) and kurtosis (TUG range= 0.12–
4.13) values indicated that all variables were sufficiently normally
distributed to conduct the primary analyses (West et al., 1995). To
address these modest deviations from normal distribution in the
primary analyses, we utilized an asymptotically consistent estima-
tor, the “sandwich estimator,” which counteracts problems due to
non-normality in the data by generating robust standard errors
analyses (described below; Huber, 1967; White, 1980).
Multilevel random effects modeling (MLM) was used to test
the study hypotheses. This statistical approach is optimal because
these data have a hierarchical structure with momentary eval-
uations (Level 1) nested within days (Level 2) nested within
individuals (Level 3). MLM, using the SAS PROC MIXED pro-
cedure can simultaneously model between- (Level 3) and within-
person (Levels 1 and 2) variance, can account for auto-correlation
between adjacent observations, and has contemporary techniques
for addressing missing data (e.g., all available data points are
used, cases are not eliminated due to missing Level 1 or 2 data).
In addition, with MLM we were able to model random effects,
which assume that the independent variable represents a random
sample of a larger range of possible values, in addition to fixed
effects, which assume that all possible values are represented in
the independent variable. Modeling of random effects allows for
generalization of results to a broader population of people com-
pared to simple fixed effect analyses. Prior to conducting MLM
analyses, variables were centered, based on guidelines for center-
ing data in multilevel statistical procedures (Enders and Tofighi,
2007). Momentary variables were person-day-centered such that
values indicate change from a person’s average for that day and
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between-person variables were sample-centered such that values
indicate difference from the sample-average. All analyses were con-
ducted using SAS statistical software, Version 9.2 (SAS Institute
Inc. 2009. SAS OnlineDoc® 9.2. Cary, NC, USA: SAS Institute
Inc.).
To test the first set of questions, the association between coping
variables and activity level (H1) and activity variability (H2), two
separate multilevel models were constructed. For the first model,
all coping variables (Guarding, Resting, Asking for Assistance, Task
Persistence, Pacing) were included as predictors simultaneously
to predict average momentary activity. For the second model,
average activity values were aggregated at the level of a day and
the standard deviation of activity for each day was constructed
as an indicator of activity variability. Post hoc analyses to deter-
mine whether the association between coping and activity level
and activity variability differed by average level of activity (e.g.,
highly active versus sedentary) were conducted by testing interac-
tion terms [(COPING)×MEAN ACTIVITY] in the prediction of
activity and activity variability. In all models, including the ones
described below, age, BMI, TUG score, and KL score were included
as covariates.
To test the second set of hypotheses, regarding the moder-
ating effect of coping on the pain/activity and fatigue/activity
(H3) associations, MLM models were constructed with interac-
tion terms [e.g., (COPING)×PAIN/FATIGUE] entered as predic-
tors of momentary average activity. Significant interactions were
further examined through graphing the simple slopes between
pain/fatigue and activity for low (−1 SD), mean, and high (+1
SD) values of the moderating variables (i.e., coping; Aiken and
West, 1991).
RESULTS
Complete sample descriptive statistics are depicted in Table 1.
Results indicate that the sample reported “mild” levels of pain
intensity, fatigue, and stiffness and was, on average, obese accord-
ing to BMI scores. The sample was mostly white (81.8%), female
(68%), non-veteran (79.5%), and married (59.5%). For physi-
cal function, the sample had an average of 9.1 s on the TUG test
which is slightly slower than normative values of people aged 60–
69 (Bohannon, 2006), but comparable to a previous sample of
women with knee or hip OA (Murphy et al., 2008b). The 6 min
walk distance (1249 feet or 381 m) was also slightly slower than
norms for healthy adults that range from 400 to 700 m (Enright,
2003).
Prior to conducting the analyses to address the primary study
aims, we examined the distribution and correlation of the CPCI
coping subscales with each other and with key indicators of func-
tioning. As can be seen in Table 2, the CPCI subscales were not gen-
erally highly correlated with each other. Some notable exceptions
were significant positive correlations between Activity Pacing and
Guarding and Resting, a significant positive correlation between
Asking for Assistance and Guarding, and a significant negative
correlation between Task Persistence and Guarding. Task Persis-
tence was the most commonly reported coping strategy, averaging
nearly 4.5 days/week in this sample. The least commonly used cop-
ing strategy was Asking for Assistance, which averaged less than
2 days/week in this sample. Correlations with measures of pain
Table 1 | Sample demographics (N =44).
Variable Mean SD Min Max
Age 66.48 6.93 53 84
BMI
†
30.81 5.01 23.34 43.36
TUG
‡
9.10 1.86 5.51 16.81
6 min walk 1248.82 224.73 825 1930
Pain (0–10)* 2.98 1.45 0.61 6.46
Fatigue
(0–10)*
3.26 3.03 0.71 7.34
Stiffness
(0–10)*
3.42 1.52 0.82 7.23
Activity 348.34 83.33 200.88 541.97
N %
Sex Male 14 31.8
Female 30 68.2
Marital status Single never married 1 2.4
Married 25 59.5
Divorced 9 21.4
Widowed 7 16.7
Ethnicity Non-Hispanic 43 100
Race American Indian/Alaskan native 1 2.3
Black/African American 5 11.4
White 36 81.8
More than one race 2 4.5
Employment
status
Working/volunteering≥36 h/week 6 13.6
Working/volunteering 20–35 h/week 7 15.9
Retired, not working at least 20 h/week 25 56.8
Other 6 13.6
Veteran status Non-veteran 35 79.5
Veteran 9 20.5
Educational
level
12 years 5 11.9
13–16 years 16 38.1
17–20 years 18 42.9
21–25 years 3 7.2
*Variable represents average across the ecological momentary assessment
period; † one individual with BMI=55.99 was identified as an outlier and removed
from main analyses; ‡ one individual was unable to complete the TUG in the
maximum allotted time of 30 s and these data were not included in analyses.
and mental and physical health (Table 3) indicate a few significant
correlations with coping subscales. Guarding showed a positive
and moderate association with pain and fatigue intensity/impact
and with physical dysfunction. Resting was positively associated
with both fatigue and physical dysfunction measures. Asking for
Assistance was similarly positively correlated with measure of pain
and fatigue and was also associated with greater depressive symp-
toms. Task Persistence was negatively correlated with depressive
symptoms. Pacing was the only activity scale to correlate with less
anxiety and greater mental health, but was also related to greater
physical dysfunction.
COPING AND ACTIVITY LEVEL AND VARIABILITY
Results for the MLM predicting objective physical activity from
momentary pain and fatigue, coping subscales, controlling for
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demographic and clinical variables indicated that among the
covariates, only BMI was significantly related to lower activity lev-
els (p= 0.01). Momentary pain was not related to activity level, but
momentary fatigue was negatively related to activity (p< 0.001).
In terms of coping, Guarding was significantly related to lower
activity levels (p= 0.03) and Asking for Assistance was signifi-
cantly related to higher activity levels (p< 0.001). No other coping
subscales approached significance in predicting activity level. We
also examined whether average activity level (i.e., whether some-
one was generally inactive or active) moderated the association
between coping subscales and activity level by including interac-
tion terms AVERAGE ACTIVITY× (COPING) in the equation. In
no case did average activity level moderate the association between
coping and momentary activity. All of these results were repli-
cated when we ran the MLM with all coping subscales included
and separate MLMs for each subscale (to optimize power to detect
differences, given our small n).
Table 2 | Correlations and distribution statistics for CPCI subscales
(N =44).
CPCI
subscales
Guarding Resting Asking for
assistance
Task
persistence
Pacing
Guarding –
Resting 0.28 –
Asking for
assistance
0.40** 0.14 –
Task
persistence
−0.31* 0.01 −0.17 –
Activity
pacing
0.33* 0.30* 0.07 0.08 –
Mean 3.40 3.18 1.63 4.47 3.68
SD 1.38 1.45 1.60 1.34 1.67
Skew −0.18 0.06 0.63 −0.17 0.33
Kurtosis −0.28 −0.17 −0.86 −1.12 −0.29
*p≤0.05, **p<0.01.
Results for the MLM predicting activity variability indicated
that no demographic or clinical variables were significant pre-
dictors. In direct contrast to the findings for activity level, pain
(est.=−1.52, SE= 0.63, t =−2.40, p= 0.02) but not fatigue pre-
dicted activity variability – lower pain was associated with higher
activity variability. No coping variables were significant predic-
tors of between-person variability in activity. As with the analyses
for activity level, we also examined whether average activity level
moderated the association between coping and activity variability.
In no case did average level of activity moderate the association
between coping and activity variability. All of these findings were
consistent whether we ran the MLM with all coping subscales
included or where we ran separate MLMs for each subscale (to
optimize power to detect differences, given our small n).
COPING AS A MODERATOR OF THE ASSOCIATION BETWEEN PAIN AND
ACTIVITY
Results for the MLM testing whether the various types of cop-
ing moderate the association between momentary changes in pain
and activity (Table 4) indicate that BMI is the only clinical vari-
able that was a significant predictor, showing a negative association
with activity. In terms of main effects of coping, consistent with
the findings for the first research question, Guarding was signifi-
cantly related to less activity and Asking for Assistance was related
to more activity. Only one coping variable, Resting, moderated the
association between pain and activity. Examination of the sim-
ple slope between momentary changes in pain and momentary
activity at low, mean, and high use of Resting (Figure 1), indicate
that for those who more frequently use Resting as a coping strat-
egy, there is a positive association between momentary changes in
pain and activity. For those with mean levels of use of Resting,
there is little association between pain and activity, whereas for
those who use Resting infrequently, there is a negative association
between pain and activity. In other words, those who experience
increases in pain with increased activity, are more likely to use rest-
ing as a means of coping that those who either do not experience a
relation between pain and activity or who experience increases in
pain in the context of lower activity (e.g., such as during resting).
Table 3 | Correlations between CPCI subscales and measures of pain, mental, and physical health.
Guarding Resting Asking for Assistance Task persistence Activity pacing
PAIN
BPI-total score 0.49** 0.29 0.45** −0.26 0.23
FATIGUE
BFI-total score 0.41** 0.47** 0.44** −0.28 −0.04
MENTAL HEALTH
CES-D (depressive symptoms) 0.29 0.17 0.36* −0.38** −0.27
STPI (anxiety) −0.19 0.10 0.15 0.08 −0.33*
SF-12 mental component score 0.05 0.12 0.03 0.09 0.32*
PHYSICAL HEALTH
WOMAC (physical dysfunction) 0.35* 0.35* 0.29 −0.21 0.32*
SF-12 physical component score 0.01 0.12 0.04 0.09 0.28
*p≤0.05, **p<0.01. BPI, Brief Pain Inventory; BFI, Brief Fatigue Inventory; CES-D, Center for Epidemiological Studies Depression; STPI, State Trait Personality
Inventory; SF-12, Short Form-12; WOMAC, Western Ontario McMaster Arthritis Index.
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Table 4 | Multilevel model results predicting momentary activity from
interaction terms including coping subscales and pain.
Covariance
parameter
Subject Estimate SE Z p
RANDOM EFFECTS
Intercept UN ID 6720.36 2263.41 2.97 <0.01
AR(1) ID 0.09 0.04 2.50 0.01
Residual 19792 887.11 22.31 <0.0001
Effect β SE T p
FIXED EFFECTS
Intercept 744.21 130.44 5.71 <0.0001
Level 1 (df=30)
Age −2.67 1.67 −1.60 0.12
BMI −6.85 2.28 −3.00 0.01
Timed Up & Go 3.20 9.39 0.34 0.74
KL −26.29 26.44 −0.99 0.32
Average pain 3.22 9.19 0.35 0.73
Guarding* −30.07 13.06 −2.30 0.03
Resting* −0.21 8.02 −0.03 0.98
Asking for assistance* 39.09 10.42 3.75 <0.001
Task persistence* 11.54 14.78 0.78 0.44
Activity pacing* −1.00 10.65 −0.09 0.93
Level 3 (df=1032)
∆Pain −0.50 4.80 −0.10 0.92
Level 1×Level 3 (df=1032)
∆Pain×guarding 5.69 3.30 1.73 0.09
∆Pain× resting 8.99 4.55 1.98 0.04
∆Pain× asking for assistance −4.43 3.73 −1.19 0.24
∆Pain× task persistence 1.21 4.03 0.30 0.76
∆Pain× activity pacing −1.46 2.91 −0.50 0.62
*Scales from the Chronic Pain Coping Inventory.
However, it is important to note that we cannot determine from
these data whether resting causes a stronger association between
pain and activity or whether the strong association between pain
and activity precipitates resting behavior.
COPING AS A MODERATOR OF THE ASSOCIATION BETWEEN FATIGUE
AND ACTIVITY
Results for the MLM testing whether the various types of coping
moderate the association between momentary changes in fatigue
and activity level (Table 5) indicate that BMI is the only clinical
variable that was a significant predictor – those with higher BMI
had lower levels of activity. In terms of main effects of coping, con-
sistent with the findings for the first study question, Guarding was
significantly related to less activity and Asking for Assistance was
related to more activity. In contrast to the findings for pain, four
coping subscales moderated the association between momentary
changes in fatigue and activity: Guarding, Resting, Task Persis-
tence, and Pacing. The graph of the moderating effect of Guarding
(Figure 2), which also clearly shows that higher levels of guarding
are related to lower levels of activity, indicates that with decreasing
use of Guarding, the association between momentary changes in
FIGURE 1 | Simple regression slopes for centered momentary pain and
use of Resting at low, mean, and high levels of momentary physical
activity.
Table 5 | Multilevel model results predicting momentary activity from
interaction terms including coping subscales and fatigue.
Covariance
parameter
Subject Estimate SE Z p
RANDOM EFFECTS
Intercept UN ID 6991.39 2400.42 2.91 0.002
AR(1) ID 0.07 0.04 1.95 0.05
Residual 18649 834.02 22.36 <0.0001
Effect β SE T p
FIXED EFFECTS
Intercept 712.15 137.59 5.18 <0.0001
Level 1 (df=30)
Age −2.22 1.78 −1.25 0.22
BMI −6.67 2.33 −2.86 0.01
Timed Up & Go 4.09 9.68 0.42 0.68
KL −29.38 28.42 −1.03 0.30
Average fatigue 1.31 6.34 0.21 0.84
Guarding* −31.22 13.35 −2.34 0.03
Resting* −0.60 8.32 −0.07 0.94
Asking for assistance* 40.09 11.09 3.62 0.001
Task persistence* 13.43 15.05 0.89 0.38
Activity pacing* −1.28 10.02 −0.13 0.90
Level 3 (df=1033)
∆Fatigue −20.52 2.95 −6.96 <0.0001
Level 1×Level 3 (df=1033)
∆Fatigue×guarding 3.75 1.72 2.18 0.03
∆Fatigue× resting 4.89 1.73 2.82 0.005
∆Fatigue× asking for assistance −3.56 2.06 −1.72 0.09
∆Fatigue× task persistence 6.41 1.99 3.22 0.001
∆Fatigue× activity pacing 3.84 1.16 3.31 0.001
*Scales from the Chronic Pain Coping Inventory.
fatigue and activity is more negative. Those who use Guarding the
most have the lowest level of activity and the lowest association
between momentary fatigue and activity.
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FIGURE 2 | Simple regression slopes for centered momentary fatigue
and use of Guarding at low, mean, and high levels of momentary
physical activity.
FIGURE 3 | Simple regression slopes for centered momentary fatigue
and use of Resting at low, mean, and high levels of momentary
physical activity.
The graph for Resting (Figure 3) indicates that with decreas-
ing use of Resting, the association between fatigue and activity
is increasingly negative. Those who experience the most precipi-
tous drops in activity in the context of high fatigue are the least
likely to use Resting as a coping behavior, whereas those who
report frequent resting do not show as steep a decline in activity
in the context of increased fatigue. The graph for Task persis-
tence (Figure 4) indicates that those who with the highest use
of Task Persistence have the lowest association between momen-
tary fatigue and activity; the fatigue/activity association becomes
increasingly negative with decreasing use of Task Persistence. In
other words, those who report high levels of persistence have
slightly lower activity levels in the context of increased fatigue; in
contrast, those who report low persistence show a rather steep drop
in activity with increased fatigue. The graph for Pacing (Figure 5)
indicates a similar, though less dramatic pattern. Those with
the highest use of Pacing have the smallest association between
momentary fatigue and activity. With decreasing use of Pacing,
the association between fatigue and activity becomes increasingly
negative.
FIGURE 4 | Simple regression slopes for centered momentary fatigue
and use of Task Persistence at low, mean, and high levels of
momentary physical activity.
FIGURE 5 | Simple regression slopes for centered momentary fatigue
and use of Pacing at low, mean, and high levels of momentary physical
activity.
DISCUSSION
In this study, we investigated the relationship between symptoms
of pain and fatigue, coping strategies, and objective activity pat-
terns over a 7 day period in a sample of adults with knee or hip
OA. There is a paucity of research that has examined how coping
relates to the association between symptoms and activity in OA,
and the use of ecological momentary assessment in this study
provides important insights and brings up additional research
questions.
We first examined the relationships between symptoms, cop-
ing, and activity in separate models for each symptom (pain and
fatigue). We found that pain assessed momentarily was not sig-
nificantly related to activity levels as measured by accelerometer.
This finding is similar to previous studies of low back pain that
have also reported a lack of relationship between pain and activity
when measured objectively (Vendrig and Lousberg, 1997; Hasen-
bring et al., 2006; Huijnen et al., 2010). Fatigue, a symptom that is
not typically addressed in clinical interventions and not typically
examined in OA research studies, was significantly and negatively
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related to activity levels similar to our findings in a separate sam-
ple of women with knee or hip OA (Murphy et al., 2008b). In
addition, higher BMI was associated with lower activity levels in
all statistical models. Given that many people with knee or hip
OA often have high BMI and physical activity interventions are
widely recommended for this population, it may be important to
address fatigue management in these interventions given its strong
association with lowered activity levels.
In these models, only two coping strategies that we initially clas-
sified as avoidance behaviors, Asking for Assistance and Guarding,
were significantly associated with activity levels, but in oppo-
site directions. Consistent with our hypothesis, Guarding was
associated with lower activity. In contrast with expectations; how-
ever, Asking for Assistance was associated with higher activity
levels. People with the lowest activity levels had the highest
use of Guarding and the lowest use of Asking for Assistance.
These findings are interesting given that both of these coping
strategies were highly associated with pain interference on the
BPI. It may be that people who are asking for assistance have
more opportunities to interact and ask others for help; how-
ever, Asking for Assistance was also associated with depressive
symptoms on the CES-D. While Asking for Assistance appears
to be associated with a number of negative outcomes, the find-
ings of this study suggest that it is not associated with low levels
of activity as one might expect. Since this was the least com-
monly used strategy from a relatively small sample, future work
should further examine how this behavior impacts symptoms and
functioning.
When we examined the relationships between symptoms, cop-
ing, and activity variability, we found that only pain was negatively
associated with activity variability, suggesting that those who have
relatively high levels of pain maintain a more consistent level of
activity across a day than those who experience less pain. No cop-
ing variables were associated with activity variability. Some studies
suggest that increased activity variability is associated with poor
outcomes (Huijnen et al., 2009; Kindermans et al., 2011). As a
result, activity pacing is often encouraged as one solution to high
variability in daily activity. People who use pacing (Fordyce, 1976)
should have less variability in their activity as they are trying to
maintain a steady pace and reduce periods of high activity that
could lead to a flare in symptoms (Birkholtz et al., 2004). In a pilot
study, we found that people who participated in a tailored activ-
ity pacing intervention had reduced variability in their activity
and reduced fatigue levels after the intervention while maintain-
ing similar average activity levels found at baseline (Murphy et al.,
2012). However, it is important to note that pacing could poten-
tially be viewed as an adaptive or maladaptive behavior depending
upon whether or not people are instructed how to pace (Murphy
and Clauw, 2010). For instance, some studies have found positive
associations between the natural use of pacing and measures of
disability (McCracken and Samuel, 2007; Karsdorp and Vlaeyen,
2009; Kindermans et al., 2011). Therefore, it is notable that self-
reported natural levels of pacing are not related significantly to
daily variability in activity. More research is needed to determine
how the use of pacing (both use of pacing naturally and after
pacing instruction) affects physical activity variability over longer
periods of time.
COPING AS A MODERATOR VARIABLE
Tests of interaction effects in this study are important because they
examine some key assumptions about how the behavioral coping
strategies under consideration work on a moment to moment
basis. For example, it is thought that when people experience
days or moments of high pain or high fatigue, these symptoms
will affect their level of activity. The assumptions underlying the
avoidance, persistence, pacing categories is that use of these coping
strategies will modify the expected relationship between pain or
fatigue and activity. Avoidance strategies are thought to encom-
pass a group of behaviors that result in restricted activity (rest,
guarding, asking for assistance) in the context of symptoms. Per-
sistence strategies are thought to reflect independence of activity
and symptom severity due to the assumption that a person who
persists carries on despite their discomfort. Pacing, like persis-
tence, is thought to reflect a strategy of intentionally planning and
carrying out activities, somewhat independent of pain or fatigue
severity. This is the first known test of these assumptions about
the types of coping. We found that our hypotheses were partially
supported and that the effects of the moderators were different
depending on whether we were examining pain or fatigue.
For the relationship between pain and activity, only Resting was
a significant moderator. People who use Resting most frequently
had a positive relationship between pain and activity. It appears
that people who rest the most frequently have the highest levels of
activity-related pain, whereas people who rest the least have a neg-
ative relationship between activity and pain. It seems sensible to
conclude that those who experience that greatest increases in pain
with increased activity might be more prone to rest as a means of
attempting to cope with the pain. It is possible that people who
use Resting the least may get relief from pain with activity and/or
slight increases in pain with lower activity (e.g., resting), either due
to physiological processes or psychological processes such as being
distracted from pain by high activity, but further study is needed
to examine the nature of this relationship. Though this seems like
the most plausible explanation, given the correlational nature of
our data and analyses and the fact that the association between
pain and activity is the opposite of what we had expected, we can-
not draw causal conclusions from these data. Further examination
that looks at moment to moment dynamic associations between
resting as a means of coping, changes in pain, and activity level
would help to delineate the direction of these associations.
For the relationship between fatigue and activity, several cop-
ing variables were significant moderators. Although we expected
that people who most frequently use coping strategies consid-
ered avoidant would have the strongest relationships between
symptoms and activity, high levels of Guarding and resting were
associated with the weakest associations between fatigue and activ-
ity. Specifically people who use Guarding most frequently had
the smallest association between fatigue and activity. However,
because we found that people who use Guarding are less active
than people who use other coping strategies, it may be that these
people do not engage in activity at a level that increases fatigue.
Taken together with the findings for the moderating effect of rest-
ing on the pain/activity association, these findings suggest that use
of avoidant coping strategies may be driven by increases in pain or
fatigue in the context of activity. This is in contrast to the notion
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that people select a coping strategy (based on training or nat-
ural inclination) and that coping strategy is a main determinant
of the experience of symptoms and activity. Though these data
are considered preliminary and in need of further examination,
these findings may suggest that the direction of the relationship
between some coping strategies and symptoms/activity that we are
observing here are different from what is commonly assumed.
Turning to persistence coping, we hypothesized that people
who most frequently use task persistence would have the lowest
relationship between fatigue and activity level and this was sup-
ported. People who reported high levels of persistence had the
highest activity levels and for these people there was a dissociation
between symptoms and activity such that engaging in activity was
not dependent on having low fatigue. For people who used Task
Persistence less, when fatigue was high, there was a steep decline in
activity level. This finding is significant in that it provides objec-
tive evidence that people who say they persist in tasks are actually
doing so in terms of persisting through their fatigue, and seems to
support other studies in which Task Persistence as measured by the
CPCI is considered a positive coping strategy (Jensen, 1991;Jensen
et al., 1995). It is important to note that of all the CPCI subscales
that we examined, only Task Persistence showed negative correla-
tions with pain and fatigue. Although these correlations were small
and non-significant in this sample, these data may suggest that Task
Persistence is more feasible for those with relatively lower pain or
that Task Persistence somehow results in lower pain intensity and
fatigue. Also notable is that Task Persistence was moderately nega-
tively related to depressive symptoms. As with the other symptoms,
it is both possible that those who are not depressed find it easier
to persist than those with greater depression or, alternatively, that
persisting through tasks results in better mood.
The use of Pacing also moderated the relationship between
fatigue and activity. While all groups of pacers had negative rela-
tionships between fatigue and activity, the people who most fre-
quently used activity pacing had the weakest relationship between
fatigue and activity. Whether a person used pacing frequently or
not, increases in fatigue were related to decreases in activity; but,
for those with the highest level of pacing behaviors, the drop in
activity was less severe compared to those who reported low levels
of pacing. Like Task Persistence, Pacing was related to indicators
of positive mental health. Specifically it was related to lower levels
of anxiety and higher overall mental health. Given that we cannot
infer causation from these data, it is possible that pacing is more
feasible strategy for those who have better mental health, or that
something about Pacing behavior promotes better mental health.
STRENGTHS AND LIMITATIONS
This is the first study to our knowledge that investigated how
coping strategies relate to the association between symptoms and
activity in people with knee and hip OA. As such, it is somewhat
difficult to compare our findings to other studies. In addition, we
are measuring activity patterns using a wrist-worn device which
may yield different findings than studies that use devices worn
on different sites of the body and that measure other variables
such as position change or energy expenditure. The use of ecolog-
ical momentary assessment of symptoms with concurrent physical
activity reporting provides rich information on people’s daily life
patterns. The use of the CPCI to measure coping strategies was an
important starting point in this research; however, this measure
which involves a 7 day recall of past coping strategies restricted
our treatment of coping strategy as a personal trait. It is likely
that people with OA have more complex coping strategy use, that
is, they may not be only a “task persister” or an “avoider,” and
selection of coping strategy may be depend on the particular situ-
ation. It should be noted that in this study, the CPCI, which asks
participants to recall their coping during the previous 7 days, was
completed at the baseline visit instead of the week of the home
monitoring which could have potentially attenuated associations
between coping strategy use, symptoms, and activity. Future stud-
ies should examine momentary use of coping strategies to better
examine how within-day use of these strategies relates to subse-
quent physical activity and symptoms. Due to the fact that our
sample was mostly white females diagnosed with OA, with low
levels of pain and fatigue, our ability to generalize our findings to
other populations is somewhat limited. Our conclusions regard-
ing these findings would be strengthened by replication in other
samples.
CONCLUSION
In conclusion, we found that coping strategies moderated the
relationship between pain and activity and fatigue and activity
in different ways. Many coping strategies were moderators of
how people engage in activity with fatigue. While most treatment
efforts in OA are focused on pain, this study supports the impor-
tance of examining how people cope with fatigue in their daily
lives to help develop treatments that also address this symptom.
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